Docket No. 2001-094-NSC 



VOLUME TRANSLATION APPARATUS AND METHOD 

1. Technical Field: 

The present invention is directed to an improved 
data processing apparatus. More specifically, the 
present invention is directed to a volume translation 
apparatus and method for data input/output operations. 

2. Description of Related Art: 

Disaster recovery often requires data to be 
replicated. Managing sets of replicated data is complex. 
It is not easy to make a new copy of the data and have 
the applications use this new copy of the data. When 
requesting data, the user traditionally must select one 
of a set of replicas to use. If and when errors are 
encountered, the user is required to manually select 
another replica and restart the process. Additionally, 
the application must maintain a list of replicas. Some 
applications require intervention if a physical volume 
with a different volume identifier than a standard volume 
identifier is specified. All of these factors cause the 
creation and maintaining of replicas to be a difficult 
endeavor . 

Many mechanisms have been devised for the creation 
and maintenance of replicas of data. For example, U.S. 
Patent No. 6,240,527 describes a mechanism for preserving 
time changes of data using point in time changes. The 
mechanism described in the '527 patent is directed to 
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addressing managing historical changes of data on a 
volume . 

Another mechanism, described in U.S. Patent No. 
5,608,865 discloses a server clustering mechanism in 
which different servers are substituted for application 
services in the event of an error. The mechanism 
described in the '865 patent requires a concurrent data 
storage model . 

U.S. Patent No. 5,901,228 discloses a mechanism for 
using virtual devices to translate from one media to 
another. The mechanism described in the '228 is directed 
to extending locally addressed storage over 
telecommunication links. 

U.S. Patent No. 6,269,431 discloses a mechanism for 
data addressing in staged storage where information is 
migrated to a secondary storage. With this mechanism, 
when requested, the data is automatically copied back to 
primary storage . 

U.S. Patent No. 6,144,999 discloses a similar 
mechanism as that described above with regard to U.S. 
Patent No. 5,608,865. That is, a clustering mechanism is 
disclosed in which a concurrent data storage model is 
utilized. 

Finally, U.S. Patent No. 5,907,672 discloses a 
mechanism for improving the performance of backup and 
restore operations from disk media using tape media for 
an archive . 

None of the prior art mechanisms provide for a 
translation method and apparatus that provides a 
transparent means to access identical information that 
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resides on different virtual volumes. Moreover, none of 
the above prior art mechanisms provide for a translation 
method and apparatus that performs the translation 
directly, instead of first copying the data to a primary 
media. Thus, it would be beneficial to have an apparatus 
and method for transparent volume translation such that 
the host application need not change is input/output 
target virtual volume, yet different physical volumes may 
be accessed based on a mapping of the target virtual 
volume to a secondary virtual volume. 
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SUMMARY OF THE INVENTION 

The present invention provides a volume translation 
apparatus and method. With the present invention, a 
volume translation apparatus resides between host 
machines and the physical storage devices accessed by the 
host machines. This volume translation apparatus 
performs volume translation for the control path and 
optionally the data path of input/output (I/O) requests 
sent by the host machines to the physical storage 
devices. Control path translation ensures that the 
correct physical volumes are mounted for accessing by the 
I/O request. 

Because the physical volume may be different from 
that requested by the host machine application, the 
translation device includes a mapping that represents 
which physical volumes represent copies of the virtual 
volume used by the host machine application. 

When an I/O request is received and is directed to a 
particular virtual volume, the volume mapping apparatus 
translates the virtual volume identification into one or 
more physical volume identifications. This translation 
may involve identifying a different set of physical 
volumes than the original set of physical volumes 
associated with the identified virtual volume. This may 
be due to a failure in the original set of physical 
volumes, a redirect to a replicated version of the 
virtual volume on a different type of data storage media 
or communication media, or the like. In this way, the 
translation is performed by an intermediate layer. This 
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allows the host machine to continue to direct I/O 
requests to the same virtual volume even in the event of 
a failure of the original physical volumes or a 
redirection to a different media type. 

With the present invention, the host machine 
applications need only track a single virtual volume and 
the volume translation apparatus manages which physical 
volumes contain the data on the virtual volume used by 
the application. When another copy, or replication, of 
the data is required, the data only needs to be copied 
with no additional processing. The volume translation 
apparatus need only be informed of the new copy and then 
it can be used by the host machine applications to access 
the data. The volume translation apparatus manages 
translating all references to the virtual volumes (media 
mounts and physical volume identifiers embedded in the 
media) . 

The volume translation apparatus may further be used 
to translate I/O requests to a different type of data 
storage media. With such an embodiment, the volume 
translation apparatus may present a first type of 
physical volume to the host machine, but use a different 
type of data storage media to actually store the data. 
For example, the data processing system may use disk 
storage to save copies of tape images. The volume 
translation apparatus may translate requests directly to 
commands to access the information on the physical data 
storage media being used. 

The volume translation apparatus may further be used 
as a bridge to route between different types of storage 
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networking medias. For example, the host machine could 
access the volume translation apparatus via a fibre 
channel communications link and the data may reside on a 
small computer system interface (SCSI) connected magnetic 
tape device. 

These and other features and advantages of the 
present invention will be described in, or will become 
apparent to those of ordinary skill in the art in view 
of, the following detailed description of the preferred 
embodiments . 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The novel features believed characteristic of the 
invention are set forth in the appended claims. The 
invention itself, however, as well as a preferred mode of 
use, further objectives and advantages thereof, will best 
be understood by reference to the following detailed 
description of an illustrative embodiment when read in 
conjunction with the accompanying drawings, wherein: 

Figure 1 is an exemplary block diagram of a data 
processing system according to the present invention; 

Figure 2A is an exemplary block diagram illustrating 
an operation of a volume translation apparatus according 
to one embodiment of the present invention; 

Figure 2B is an exemplary block diagram illustrating 
an operation of a volume translation apparatus according 
to another embodiment of the present invention; 

Figures 3A and 3B are exemplary diagrams 
illustrating how the volume translation apparatus 
redirects input /output operations to a redundant set of 
physical volumes; 

Figures 4A and 4B are exemplary block diagrams 
illustrating a redirection of input/output operations to 
a redundant set of physical volumes that are of a 
different media type than the original physical volumes; 

Figure 5 is an exemplary block diagram of a volume 
translation apparatus according to the present invention; 
and 

Figure 6 is a flowchart outlining an exemplary 
operation of the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 1 is an exemplary block diagram of a data 
processing system according to the present invention. As 
shown in Figure 1, a plurality of client devices 110 may 
access resources in a data storage library 140 via the 
network 120 and the servers, or host devices, 130. 

Network data processing system 100 contains a network 
102, which is the medium used to provide communications 
links between various devices and computers connected 
together within network data processing system 100. 
Network 102 may include connections, such as wire, 
wireless communication links, or fiber optic cables. 

The client devices 110 may be, for example, personal 
computers, network computers, workstations, personal 
digital assistants (PDAs) , mobile telephones having 
limited or full personal computer capabilities, or the 
like. In short, the client devices 110 may be any 
computerized device that is capable of sending/receiving 
data to/from the data storage library 140. 

The network 120 may be any type of data network now 
known or later developed. For example, the network 120 
may be a local area network (LAN) , a wide area network 
(WAN) , the Internet, an intranet, a wireless network, or 
the like. In a preferred embodiment, the network 120 is 
the Internet with network 120 representing a worldwide 
collection of networks and gateways that use the TCP/IP 
suite of protocols to communicate with one another. At 
the heart of the Internet is a backbone of high-speed data 
communication lines between major nodes or host computers, 
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consisting of thousands of commercial, government, 
educational and other computer systems that route data and 
messages . 

The servers 130 provide a gateway and control access 
to the data storage library 140. The client devices 110 
send input/output I/O access requests to the servers 130 
in order to access data storage media in the data storage 
library 140. The servers 130 also facilitate the sending 
of data to the client devices 110 via the network 120. 
The servers 130 may perform many other functions based on 
the particular implementation and software resident on the 
servers 130. 

In particular, the servers 130 may provide one or 
more applications that may be used by the client devices 
110 to access the data storage media 160 of the data 
storage library 140. These applications may write to, or 
read from, the data storage media 160. As discussed 
hereafter, the present invention provides a mechanism to 
aid in the read/write operations performed by these 
applications . 

The data storage library 140 includes a plurality of 
media drives 150 through which I/O operations may be 
performed on data storage media 160. The data storage 
media 160 may be any type of data storage media including 
magnetic tape, magnetic disks, floppy diskettes, CD-ROMs, 
DVD-ROMs, random access memory (RAM), memory cards, and 
the like. The media drives 150, likewise, may be of 
similar types including tape drives, diskette drives, hard 
drives, CD-ROM drives, DVD-ROM drives, memory card 
interfaces, optical media, and the like. It should be 
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appreciated that each type of data storage media 160 and 
each type of media drive 150 may itself have different' 
kinds of that type of media based on the vendor providing 
the data storage media 160 and media drive 150. In a 
preferred embodiment of the present invention, the data 
storage media 160 are magnetic tape media, the media 
drives 150 are magnetic tape drives, and the data storage 
library 140 is a magnetic tape library. 

Figure 1 is intended as an example, and not as an 
architectural limitation for the present invention. 
Modifications to the architecture shown in Figure 1 may be 
made without departing from the spirit and scope of the 
present invention . 

When an application on one of the servers 130 makes 
an I/O request, the I/O request is directed to a virtual 
volume. A virtual volume is a representation of a 
plurality of physical storage devices as a single storage 
device such that applications can read/write to a 
plurality of storage devices simply by read/writing to the 
virtual volume. The virtual volume is associated with one 
or more physical volumes on one or more of the data 
storage media 160. The data and parity information for 
the virtual volume may be written across a plurality of 
the data storage media 160. 

In order to make sure the correct data is being read, 
or the correct data storage media are being written to, 
the servers 13 0 must maintain a correspondence between a 
virtual volume and the physical volumes on which the data 
for the virtual volume is stored. However, there may be 
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times when the physical volumes of the virtual volume are 
not available, such as when a failure occurs. 

In order to be able to handle failures of data 
storage media 160, or media drives 150, it is necessary to 
have the data stored on the data storage media 160 
replicated. However, managing sets of replicated data is 
complex and it is not easy to make a new copy for the 
applications to use. 

Typically, the host machines, e.g., servers 130, must 
maintain a record of the various replicated virtual 
volumes and the physical volumes associated with each 
replication of the virtual volumes. Thus, when a physical 
volume is not available, the physical volumes of a 
replication of the virtual volume may be mounted and 
accessed. This requires that the applications on the host 
machine modify their access requests to identify a 
different virtual volume, and thereby a different set of 
physical volumes, from the one that they typically 
identify. Such an approach requires that the host machine 
perform complex volume management functions and thus, uses 
many of the processors' processing cycles. 

The present invention alleviates the burden on the 
host machines for performing complex volume management by 
inserting an additional layer of functionality between the 
host machine applications and the data storage library 
140. This additional layer of functionality provides 
volume translation so that an I/O request to a virtual 
volume may have the I/O request redirected to a different 
set of physical volumes in the event that an original set 
of physical volumes is unavailable, without requiring the 
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host machine's applications to direct the I/O request to 
this different set of physical volumes. In other words, 
the host machine's applications may still direct I/O 
requests to the same virtual volume regardless of whether 
the original set of physical volumes are being accessed or 
a different set of physical volumes are being accessed due 
to a failure. Thus, the actual physical volumes being 
accessed is transparent to the host machine's 
applications . 

Figure 2A is an exemplary block diagram illustrating 
an operation of a volume translation apparatus according 
to the present invention. As shown in Figure 2A, a 
plurality of host machines 210, such as servers 13 0 in 
Figure 1, may transmit I/O requests for execution on data 
storage media in the media drives 232-238 of data storage 
library 230. These I/O requests may include data that is 
transmitted across a data channel 215 to the volume 
translation apparatus 220 and control information 
transmitted across a control channel 216. While Figure 2A 
illustrates the data and control channels 215 and 216 as 
separate communication links for clarity, in actuality the 
control information and data may be transmitted across the 
same physical connection. 

The control information of the I/O requests includes 
information identifying the virtual volume to which the 
I/O request is directed. This control information is 
provided along the control channel 216 to the volume 
mapping modules 222. 

The I/O requests are passed through the volume 
mapping modules 222 of the volume translation apparatus 
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220. The volume mapping modules 222 take the virtual 
volume identifier in the control information of the I/O 
request and map the virtual volume to a secondary virtual 
volume. This secondary virtual volume may be the same as 
the identified virtual volume, in the case of no fault in 
the physical volumes of the identified virtual volume, or 
may be a different virtual volume in the case that one or 
more physical volumes in the identified virtual volume are 
not available. This secondary virtual volume is then 
mapped to physical volumes associated with the secondary 
virtual volume. 

After having mapped the identified virtual volume to 
an appropriate set of physical volumes, the control 
information for the I/O request is modified to identify 
the physical volumes of the secondary virtual volume. 
This control information may then be transmitted to the 
data storage library 230 along library control path 218 to 
ensure that the correct physical volumes are loaded into 
the media drives 232-238. The correct physical volumes 
are determined based on the maintenance of a record of 
physical volumes that are replicas of the target virtual 
volume. Any of the physical volumes can be used when the 
target virtual volume is requested. The volume 
translation apparatus 220 may query the library control 
system in the data storage library 230 to determine which 
physical volumes are available. It should be kept in 
mind, however, that the volume translation apparatus 220 
does not require intervention in the data path. By having 
the volume translation apparatus 22 0 intervening in the 
data path, it is possible for additional translation 
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options to be performed, but it is an optional capability 
rather than a requirement of the present invention. 

Once the appropriate physical volumes are present in 
the media drives 232-238, the volume translation apparatus 
220 transmits the data in the I/O request, or reads data 
from the physical volumes, in accordance with the I/O 
request. The performance of these I/O operations requires 
that references to the mounted media and physical volume 
identifiers in the I/O request data being written to the 
physical volumes of the secondary virtual volume be 
translated based on the identified mapping described 
above . 

Thus, the present invention provides an intermediate 
layer between the host machines and the data storage 
media for translation of an identified virtual volume to 
a secondary virtual volume and, ultimately, to the 
physical volumes associated with the secondary virtual 
volume. In this way, the applications resident on the 
host machines may always write or read from the original 
virtual volume even though the write and read operations 
may actually be occurring with a different virtual 
volume. Thus, with the present invention, the burden on 
the host machines for managing complex mappings of 
volumes and having to modify I/O requests is relieved. 

While Figure 2A illustrates that the volume mapping 
modules 222 lie in both the control path 216, 218 and 
data paths 215, 224 of the communication links between 
the host machines 210 and the data storage library 230, 
the present invention is not limited to such. Rather, as 
shown in Figure 2B, the functions and operations of the 
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present invention may be performed entirely within the 
control path 216 and library control path 218. Thus, the 
data path 215, 224 is not modified by the present 
invention in this alternative embodiment. 

In addition, while Figure 2A illustrates the volume 
translation apparatus 22 0 as a separate device from the 
host machines 210 and the data storage library 230, the 
present invention is not limited to such. Rather, the 
volume translation apparatus 22 0, or portions thereof, 
-may be integrated into one or more of the host machines 
210 and the data storage library 230. For example, the 
volume translation apparatus 220 may be integrated into a 
controller of the data storage library 230 without 
departing from the spirit and scope of the present 
invention. 

Furthermore, while Figure 2A illustrates the volume 
translation apparatus 22 0 as a hardware apparatus, the 
present invention is not limited to such. Rather, the 
functions of the volume translation apparatus 22 0 may be 
implemented as hardware, software, or any combination of 
hardware and software. Moreover, as mentioned above, 
this software and/or hardware may be integrated with one 
or more of the host machines 210 and the data storage 
library 230 without departing from the spirit and scope 
of the present invention. 

The volume translation apparatus 220 of the present 
invention has many applications. For example, the volume 
translation apparatus 220 may be used to manage 
replicated data storage media to handle faults with 
physical volumes, to translate to different media drive 
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types, to translate to different types of data storage 
media, to translate to different communication medias, 
and the like. 

Figures 3 A and 3B illustrate how the volume 
translation apparatus may be used for replicated data 
storage media management and fault handling. In Figures 
3A and 3B, the virtual volumes 340 and 350 both include a 
copy of the data being accessed by the host machine 310. 
In one case, shown in Figure 3A, the I/O request is 
directed to virtual volume 340 and in the other, the I/O 
request is directed to virtual volume 350. 

Figure 3A illustrates a data flow during a normal 
operation of the data processing system. As shown in 
Figure 3A, the host machine 310 issues an I/O request 
directed to virtual volume 320. The I/O request is 
received by the volume translation apparatus 330 which 
maps the I/O request to virtual volume 340 which happens 
to be the original virtual volume. Thus, the data that 
is read from or written to virtual volume 320 is in 
actuality read from or written to one or more of physical 
volumes 342-346 of virtual volume 340. 

As mentioned above, the virtual volumes 340 and 350 
both have a copy of the data of virtual volume 320. At 
some time, a fault occurs in one or more of the physical 
volumes 342-346 of virtual volume 340. This fault is 
reported back to the volume translation apparatus 330 
which determines that a particular element of the mapping 
of virtual volume 32 0, namely the mapping to virtual 
volume 340, is no longer available. Thus, the mapping, 
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as shown in Figure 3B, now directs the I/O requests to 
virtual volume 350 and physical volumes 352-356. 

Thus, in both cases, the applications on the host 
machine direct their I/O requests to virtual volume 320. 
5 The actual virtual volume and physical volumes to which 
the I/O request is sent is transparent to the host 
machine applications. All of the management of the 
translation of the virtual volume 320 into physical 
volumes is done by the volume translation apparatus 330 
10 without burdening the host machine 310. 

In addition, replication of the virtual volume 340 
Mr is made easy by only requiring copying of the data to 

X another virtual volume 350 and informing the volume 

W translation apparatus 330 of the copy. There is no need 

y3 15 for complex management algorithms in the host machine 310 

m 

in to manage a replication of the virtual volume 340. 

? Figures 4A and 4B illustrate how the volume 

ft! translation apparatus of the present invention may be 

J! used to translate to different media and different media 

p 20 drives. In Figures 4A and 4B, the virtual volumes 440 

and 450 both include a copy of the data being accessed by 
the host machine 410. In one case, shown in Figure 4A, 
the I/O request is directed to virtual volume 440 and in 
the other, the I/O request is directed to virtual volume 
25 450. 

As shown in Figure 4A, the data for virtual volume 
420 is originally present on magnetic tape media physical 
volumes 442-446. It is desired to migrate the virtual 
volume 42 0 data to a new type of media, e.g. magnetic 
30 hard disk 460. In order to do this, the data from the 
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magnetic tape media physical volumes 442-446 is copied to 
a physical volume on hard disk 460 such that both virtual 
volume 440 and virtual volume 460 have copies of the data 
for virtual volume 420. 

In order to access the data on virtual volume 450, 
the volume translation apparatus 430 is instructed to map 
I/O requests to virtual volume 420 to virtual volume 450. 
In so doing, the volume translation apparatus 430 also 
translates the I/O request into one or more commands 
suitable for the new media type. This conversion of I/O 
requests is based on a prior knowledge of the command 
structures and a mapping between the structure of the I/O 
request to the known command structures. These commands 
are then transmitted to the virtual volume 450 where the 
I/O request is executed on the physical volume 460. 

This same methodology may be applied to different 
types of the same media. That is, there may be different 
types of magnetic tape media that may be used in a data 
storage library. These various magnetic tape media may 
have different characteristics and may make use of 
different media drives from that of the original physical 
volumes. The volume translation apparatus 430 may 
perform a translation of parameters and command syntax 
based on the particular physical volumes being accessed. 
In this way, the host machine's applications need not be 
burdened with having to know how to map between media 
types . 

The present invention, in the simplest case, uses 
the virtual volume identifier to determine which physical 
volumes may be substituted, as described previously. For 
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example, the present invention may simply translate one 
physical volume (tape cartridge) for the requested, or 
target, virtual volume. When media translation is used 
with the volume translation apparatus, the volume 
translation apparatus keeps track of the media type as 
well as the physical volumes in the mapping tables. 

In addition, the volume translation apparatus of the 
present invention may further be used as a bridge to 
route between different types of storage networking 
medias. For example, the host machine 410 may access the 
volume translation apparatus 43 0 via a first 
communication media and the volume translation apparatus 
43 0 may access data on the physical volumes 442-446 
and/or 452-456 via a second communication media different 
from the first communication media. For example, the 
host machine 410 may access the volume translation 
apparatus 430 via a fibre channel communications link and 
the data may reside on a small computer system interface 
(SCSI) connected magnetic tape device. The conversion 
from a first protocol associated with the first 
communication media to a second protocol associated with 
the second communication media may be performed by the 
volume translation apparatus 430 in a similar manner as 
the mapping from I/O commands for one media type to 
another media type. 

Figure 5 is an exemplary block diagram of a volume 
translation apparatus according to an exemplary 
embodiment of the present invention. It should be noted 
that the elements in Figure 5 may be implemented as 
hardware, software, or any combination of hardware and 
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software. If should further be noted that the elements 
in Figure 5 may reside in a single device or may be 
distributed across a plurality of devices in a data 
processing system. 

As shown in Figure 5, the volume translation 
apparatus includes a controller 510, a volume mapping 
module 52 0, a control path mapping module 530, a host 
interface 540, a data storage library interface 550, 
volume map tables 560, and a command/protocol conversion 
module 570. The elements 510-570 are coupled to one 
another via the control/data signal bus 580. Although a 
bus architecture is shown in Figure 5, the present 
invention is not limited to such. Rather, any 
architecture that facilitates the transfer of 
control/data signals between the elements 510-570 may be 
used without departing from the spirit and scope of the 
present invention. 

The controller 510 controls the overall operation of 
the volume translation apparatus and orchestrates the 
operation of the other elements 520-570. The controller 
510 receives an I/O request from a host machine via the 
host interface 540. The controller 510 then instructs 
the volume mapping module 52 0 and the control path 
mapping module 530 to operate on the virtual volume 
identified in the received I/O request. 

The volume mapping module 520 and the control path 
mapping module 53 0 both operate to modify references to 
the original virtual volume in the I/O request to a 
secondary virtual volume/physical volumes. The volume 
mapping module 520 performs a look-up of the secondary 
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virtual volume/physical volumes in the volume map tables 
560 based on the original virtual volume identified in 
the I/O request. This secondary virtual volume /physical 
volumes identifier is then mapped into references to the 
original virtual volume in the I/O request data. In 
addition, the control path mapping module 530 modifies 
the control information for the I/O request to identify 
this secondary virtual volume/physical volumes. 
Moreover, the control path mapping module 530 transmits 
the control information to the data storage library via 
the data storage library interface 550 to thereby ensure 
that the appropriate physical volumes are mounted in the 
media drives of the data storage library. 

The controller 510 then transmits the I/O request to 
the data storage library via the data storage library 
interface 550 so that the I/O request is performed on the 
appropriate physical volumes of the secondary virtual 
volume. In some cases the transmission of the I/O 
request may require a conversion of the I/O request to a 
different command structure and/or communication 
protocol, as discussed above. In such a case, the 
controller 510 instructs the command/protocol conversion 
module 570 to convert the I/O request to the appropriate 
command and/or protocol syntax before transmitting it to 
the data storage library. 

Figure 6 is a flowchart outlining an exemplary 
operation of the present invention. As shown in Figure 
6, the operation starts with receipt of an I/O request 
directed to an original virtual volume (step 610) . A 
secondary virtual volume is identified by looking up the 
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original virtual volume in a volume mapping table (step 
620) . 

A determination is then made as to whether the 
physical volumes associated with the secondary virtual 
volume are mounted (step 630) . If so, the operation 
proceeds to step 650. Otherwise, a control message is 
transmitted to the data storage library requesting that 
the physical volumes be mounted in the media drives (step 
640) . 

A determination is then made as to whether the 
physical volumes are a different media (or in some 
embodiments whether a different communication protocol is 
necessary) (step 650) . If not, the operation proceeds to 
step 670. If they are a different media (or 
communication protocol) , the I/O request is translated 
for use with the different media (or communication 
protocol) (step 660) . Thereafter, the I/O request is 
performed on the physical volumes associated with the 
secondary virtual volume (step 670) and the operation 
ends . 

Thus, the present invention provides a mechanism by 
which the burden of maintaining and managing information 
regarding copies of virtual volume data is appreciably 
reduced. Furthermore, this burden is shifted from the 
host devices to an intermediate layer between the host 
devices and the data storage media. In this way, the 
host devices may continue to perform I/O operations to 
the same virtual volume even though the data being access 
is actually on a different virtual volume or different 
set of physical volumes from that known to the host 
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devices. This greatly simplifies the process of creating 
and managing copies of virtual volume data. 

It is important to note that while the present 
invention has been described in the context of a fully 
functioning data processing system, those of ordinary 
skill in the art will appreciate that the processes of 
the present invention are capable of being distributed in 
the form of a computer readable medium of instructions 
and a variety of forms and that the present invention 
applies equally regardless of the particular type of 
signal bearing media actually used to carry out the 
distribution. Examples of computer readable media 
include recordable- type media, such as a floppy disk, a 
hard disk drive, a RAM, CD-ROMs, DVD-ROMs, and 
transmission- type media, such as digital and analog 
communications links, wired or wireless communications 
links using transmission forms, such as, for example, 
radio frequency and light wave transmissions. The 
computer readable media may take the form of coded 
formats that are decoded for actual use in a particular 
data processing system. 

The description of the present invention has been 
presented for purposes of illustration and description, 
and is not intended to be exhaustive or limited to the 
invention in the form disclosed. Many modifications and 
variations will be apparent to those of ordinary skill in 
the art . The embodiment was chosen and described in 
order to best explain the principles of the invention, 
the practical application, and to enable others of 
ordinary skill in the art to understand the invention for 
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various embodiments with various modifications as are 
suited to the particular use contemplated. 




